THURSDAY AFTERNOON / CLEO 2001 / 517 the elements,' an analytical phase function could be used to calculate the complex wavefront. The interference distribution was determined with Rayleigh-Sommerfeld diffraction integral formalism. In the experiments, a plane at a distance of 9 mm (centers of focal zones) was imaged onto a CCD camera. Because of the small angles, fringes could be resolved with sufficient accuracy. Second harmonic patterns generated in a BBO crystal (100 pm thick) placed in the imaged region delivered no significant difference in spatial frequencies compared with the fundamental. Calculated and measured interference fringes for single element and hexagonal array (pitch 405 pm) are shown in Fig. 2 (pulse duration 17 fs, center wavelength 790 nm). Measured spatial frequencies of single element and array are different for long pulses and indistinguishable for short pulses (Fig. 3a) . For long pulses, theoretical values for arrays agree with experimental results (weak changes of spatial frequencies by array structure). With shorter pulses, theory and experiment for arrays diverge significantly ( Fig. 3 b ratio of measured and calculated spatial frequency). We explain this difference by additional travel time effects caused by neighboring elements. To reduce the effect, larger distances between the axicons can be used. In an improved model for a pulse duration <20 fs, not only spectral broadening but also phase relations have to be taken into account. The investigation of spatially resolved spatial frequency behavior with shorter pulses and schemes with reduced dispersion will be the subject of future investigations. Time-integrated Interference fringes at 9 mm distance: (a) calculated pattern for a single element and (b) for an array of 7 elements (spectral distribution approximated by a super-Gaussian function, exponent 3, full-width at l/e2 of maximum intensity 160 nm), (c) experimentally detected pattern for a single element and (d) for an array (50 elements illuminated, pitch 405 pm). moval of target material with minimal thermal effects. Many future applications depend on an understanding of the details of the machined materials, in terms of lateral damage, residual strain and localized changes in optical, mechanical and electronic materials properties. In this work we characterize laser-machined semiconductor samples, utilizing the degree-of-polarization photoluminescence technique (DOP),2'9 supported by scanning and transmission electron microscopy. To our knowledge, DOP has never been previously applied for this purpose.
Laser-based processing with femtosecond light pulses has attracted considerable attention due to the qualitatively different light-matter interactions.' The ultrashort light pulses facilitate re-
Time-integrated Interference fringes at 9 mm distance: (a) calculated pattern for a single element and (b) for an array of 7 elements (spectral distribution approximated by a super-Gaussian function, exponent 3, full-width at l/e2 of maximum intensity 160 nm), (c) experimentally detected pattern for a single element and (d) for an array (50 elements illuminated, pitch 405 pm). : ratio of measured and calculated average spatial frequency for arrays (experiment: about n = 50 illuminated elements, theory: n = 7 elements and approximated spectral distributions). moval of target material with minimal thermal effects. Many future applications depend on an understanding of the details of the machined materials, in terms of lateral damage, residual strain and localized changes in optical, mechanical and electronic materials properties. In this work we characterize laser-machined semiconductor samples, utilizing the degree-of-polarization photoluminescence technique (DOP),2'9 supported by scanning and transmission electron microscopy. To our knowledge, DOP has never been previously applied for this purpose.
A (1 kHz) Tkapphire laser produces 120 fs pulses centered around 788 nm, with a maximum pulse energy of 300 pJ. The laser is focused on the sample by a lox microscope objective to a spot size of 6 pm (2w0 at I/ez). Semiconductor samples are placed inside a small vacuum chamber mounted on a computer controlled xyz translation stage. A series of parallel grooves are cut in samples of (100) n-GaAs and n-InP under various laser conditions. Processed samples are cleaved perpendicular to the grooves and the cross-section of the micromachined grooves subsequently analysed by SEM and the degree of polarization technique. Figure la shows an SEM image of groove cross-sections and the corresponding DOP images. The grooves are cut with 250 nJ, 420 nJ and 650 nJ pulses, respectively at 100 pm/sec. A strain resolution of and spatial resolution of -1 pm has been previously demonstrated for the DOP technique.'
High aspect ratio grooves are achieved in all three cases. The total photoluminescence yield is uniform over the entire cleaved side (Fig. lb) except for the areas immediately adjacent to the cuts. However, polarization-resolved images reveal significant amounts of strain in the vicinity of the cuts (Fig. lc,d ). In addition, we will present comparisons of DOP-determined strain for femtosecond, picosecond, and nanosecond laser pulse regimes.
In conclusion, the DOP technique is demonstrated to be very useful in evaluating the quality of micromachined structures of optoelectronic materials such as GaAs and InP.
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3. Optical pulse compression based on combination of spectral broadening by self-phase modulation and subsequent chirp compensation forms the physical basis for ultrashort pulse generation in the few-optical-cycle regime. The key element of this method is the necessary phase compensation technique with negative group delay dispersion. However, all methods for phase control are rather complex and cause difficulties for pulse compression below 5 fs. In the present talk we study an alternative method where an intense short pump pulse with duration smaller than the period of the molecular oscillations, 7," < T R = 2n/R (Q is the Stokes shift), effectively excites the Raman-active medium and a temporally delayed, weak probe pulse with duration < TR is coherently scattered by the long-living Raman excitation. The spectrum of the probe pulse remains continuous and experiences a large spectral broadening and additionally a large blue or red shift depending on the delay time. For optimum conditions in molecular hydrogen, a single pulse is shortened from 20 fs down to 3 fs without subsequent phase control. In our previous work' we presented a modification of this method for twocolor excitation by two ps-pulses. Recently by impulsive excitation the transformation of a 160-fs probe pulse into a train of shortened pulses following with period TR was observed.2 In contrast, in the short-probe pulse regime with T , , < TR studied here the compression of single pulses is achieved and the physical mechanism differs from that of.2 For the description of this method the standard approximations as the slowly varying envelope approximation and a truncated Taylor expansion for the dispersion of the linear polarization fail and here we solve the basic equations without using it. The influence of Kerr effect and Stark shift are included and the propagation in a hollow waveguide filled with the Raman medium is considered. The wave equation can be simplified for forward propagation to the reduced Maxwell equation:
where q = t -z/c is the moving time, E(z, q) is the electric field, P(z, q) is the medium polarization induced by the Raman process PR, the linear bulk and waveguide response PL and the electronic Kerr effect PK.
We have found an approximate analytical solution of Eq. (1) . Neglecting the influence of dispersion, Stark shift, Kerr effect, relaxation and population change the Raman polarization excited by the pump pulse is given by Pn = Nauo sin(Qq)E with uo = const defined by the pump pulse, N as the density, a as the two-photon polarizability. Then solution of Eq. ( I ) for the probe pulse can be found as where tg(fi/2) = tg(Qql2) exp(-nyz), Eo(q) is the input probe field, y = 1\2 q&auo. The temporal probe pulse shape crucially depends on the delay time of the probe pulse in respect to molecular oscillations. In the limiting case r = exp(Qyz) B 1 and an out-phase delay Eq. (2) yields the asymptotic solution for a single compressed probe pulse of the form E p r (~q ) = rE,,(rq) with a duration z,,/T and a frequency 13+,r of the spectral maximum. For the in-phase delay the pulse is split and its spectrum is red-shifted. In general, phase locking in high-order SRS do occur neither for short nor for long probe pulses except of special conditions considered below.
To study the physical limitations by pump depletion, material and waveguide dispersion, Kerr and Stark effect we solved the equations of the full model for the rotational Raman transition in molecular H1 In Fig. 1 temporal and spectral evolution of the pump and probe pulses is shown for a delay of 1 ps near an out-phase point and the same input frequencies. The pump pulse is Figure 2 represents results for fundamental pump and second-harmonic probe. The probe pulse spectrum in Fig. 2(b) is shifted mainly to the Stokes side. The initial delay is near the outphase point, but owing to the large frequency difference between pump and probe and the influence of dispersion, the probe pulse moves through the in-phase point. This is the reason for the opposite frequency shift into the Stokes-direction as compared with the case of Fig. 1 . We expect that by further optimization of this method the milestone in pulse compression in the range of 1 fs could be achieved, this study is presently in work. This method has the potential to be developed to a simple to handle, high reproducible and stable short-pulse source with tunable frequencies and pulse durations, high pulse energies and highest time-resolution up to 1 fs.
We report the first demonstration of efficient quasi-optic coupling of a freely propagating beam of sub-ps THz pulses into a parallel-plate metal waveguide and low-loss, single-mode propagation with almost zero dispersion. This ideal THz interconnect consisting of two parallel conducting plates positioned close together is made possible due to the presence of the dominant TEM guided mode which can propagate at any frequency. This is quite unlike the case of hollow rectangular or circular metallic waveguides or any type of solid dielectric waveguide.'" Even though TEM propagation is possible in coplanar and coaxial lines, efficient quasi-optic coupling is not possible.
The experimental setup is similar to that used to investigate THz propagation in plastic ribbon waveguides (dielectric slabs): and incorporates plano-cylindrical lenses to couple the energy into and out of the guide. As shown inset of Figure 1 , the lens at the input of the guide is used to focus the beam only along one dimension which produces an elliptic Gaussian beam with a frequency-independent l / e minor axis size of 100 pm at the waist, where the entrance face of the guide is located. An identical optical arrangement is at the exit face.
